Introduction 29
The steep sloping topography of submarine canyons promotes complex hydrographic and 30
sedimentary conditions and provides a preferential pathway for the transport of material from 31 continental shelves to the deep sea (Canals et al., 2013) . Their conduit nature causes greater food 32 availability, attracting a wealth of benthic species and enhancing the burial of organic carbon. 33
Sediment gravity flows including nepheloid layers and other disturbance events can resuspend and 34 transport material to great depths (e.g. Hotchkiss and Wunsch, 1982; Gardner, 1989 topography (Puig et al., 2012) and impacting continental margin sediment transport dynamics 50 (Martín et al. 2008; . The interaction of towed fishing gear with the seabed and surrounding 51 ambient water produces high velocity, bed shear stress and turbulence that entrain sediment, which 52 disperses as a cloud of SPM settling out with turbulent decay (O'Neill and Summerbell, 2011). The 53 excess material created in this manner can feed into thick nepheloid layers (Pilskaln et al., 1998 ; 54 June), where enhanced nepheloid layers (ENLs) were observed repeatedly during a five day period 111 (13-17 th June). Transects and locations of sampling events where ENLs were detected are shown in 112 Figure 1 and details of water samples used in this study are shown in Table 1 . 113
Hydrographic measurements were carried out using a Seabird SBE 911 CTD and SBE32 114 rosette system in transects along the branches with repeat profiles taken at key stations. Samples for qualitative analysis (organic carbon and total nitrogen) of the SPM were 121 collected on two stacked pre-combusted (400°C, 4 hrs) 47 mm GF/F filters, using water samples (2-122 10 L) collected from the CTD rosette. On recovery, each filter was folded in half (onto itself) and then 123 into quarters before wrapping in combusted foil and storing at -80 °C for the duration of the cruise. 124
Samples were analyzed according to the methods of Kiriakoulakis et al. (2009) . Briefly, after freeze-125 drying, punched circles (~7 mm 2 ) were taken from homogenous areas on the top filters of the stacks 126 (at the middle and edge of the filters) for measurement of particulate organic carbon and nitrogen 127 (POC, PN). POC values were obtained after de-carbonation of the filters and PN values were 128 determined before decarbonation on separate circles. The analyses were carried out using a 129
CEInstruments NC 2500 CHN analyzer in duplicate and the mean value was taken. Consistent 130 variability between circles from the edge and middle of the filter, a filtration artifact, were observed 131
and mean values were therefore taken to give a better approximation of the true value of the filter. 132
The bottom filters of the stacks were used to correct for overestimations of POC and PN due to 133 adsorption of dissolved organic matter (DOM) onto the filters (see Turnewitsch et al., 2007) . 134
Data on the activity of fishing vessels are remotely collected by the Irish Naval Service 135 through Vessel Monitoring Systems (VMS). These systems transmit a vessel's position and speed at 136 intervals of 2h or less. VMS data for the study area quadrangle (48° 30' -48° 55' N, 10° 35'-10° 15' 137 W) for the month of June 2013 were extracted. The total records for the month of June (589) were 138 reduced to those fitting the criteria for trawling activity and recorded during the operational survey 139 period to Whittard Canyon (9-17 th June 2013). To fit the criteria (likely) for trawling activity, vessels 140 must be equipped with bottom trawling gear and be operating at ≤5 knots, a suitable threshold to 141 denote fishing activity (Gerritsen and Lordan, 2011 ) and the density of ENL followed this trend: σ θ =27.67 kg m 
Evidence for trawl-induced ENLs 277
The evidence presented here suggests that trawling activity is likely responsible for the ENLs 278 detected at the Whittard Canyon, although a natural mechanism for the mobilisation of sediments 279 cannot be entirely ruled out. Visually, more trawlers were noted during the survey in 2013 than in 280 
C/N ratios of sPOM in ENLs 331
The categorization of SPM based on molar C/N ratios of sPOM showed that material from 332 the ENLs was degraded in comparison to material taken from areas where there were no ENLs. As 333 expected, a general trend of increasing C/N ratios from the surface to depth was observed due to 334 the natural break down of sinking organic matter. C/N ratios higher than the Redfield ratio (~6), 335 often reflect the preferential loss of nitrogen-rich organic compounds (e.g. amino acids) during 336 transport (Redfield et al., 1963; Kiriakoulakis et al., 2001 ). Samples from ENLs had higher C/N values 337 than samples not from ENLs (i.e. typical NLs; see Figure 5c ) within the same depth range, indicating 338 that sPOM from ENLs have undergone further degradation than that which is naturally observed 339 with depth (see also Kiriakoulakis et al., 2001 ). These results would suggest the trawling activity was 340 resuspending degraded superficial sediment and lithogenic material from the shelf that had been in 341 the system for some time. show that trawling activity took place in mean water depths ~200m. These iENLs are likely density 362 induced detachments, composed of lighter material that has remained in suspension for longer. The 363 iENL detected in WC3 (event 84) was observed two hours after a large ENL in WC4 (event 83). If the 364 iENL detected in WC3 and ENL in WC4 were both sourced from the same event, with the iENL 365 generated from lighter material, it would be expected that the iENL is less dense. However, similar 366 values of σ θ of the ENLs in the two tributaries would suggest that they are not of the same origin. 367
Considering the VMS data shows activity on both spurs adjacent to both branches, it is more 368 reasonable that material is coming down as sedimentary gravity flows from the sides of both 369 branches and suggests recurring events. Organic geochemical analysis of the material from both 370 events would have provided valuable information on the material composition and duration of 371 suspension but no samples were available from the iENL. The detection of smaller ENLs prior to the 372 big events would suggest a link with a build up before the larger ENLs in the lower reaches of the 373 branch. Alternatively, smaller ENLs (e.g. event 65 at 2293 m in WC3) may possibly be the remnant of 374 a previous plume. The sporadic sampling regime may be responsible for the detection of the plume 375 in WC3 two hours after the event in WC4, while this event may have been happening 376 instantaneously as has been seen in other studies (Palanques et al., 2006) . Due to the limited data 377 set it is not possible to conclude whether the ENLs were sourced by one event or a number of 378 recurring events, but the time lines of VMS and appearance of the ENLs would indicate that these 379 were ongoing processes (Table 2 ) and it is likely that not all events were captured. 380 
Impacts and implications of bottom trawling transporting sediment 385
Trawling is now widely recognised as a significant driver of sediment transport dynamics 386 ENLs appear to be induced by the excess density of the addition sediment. The molar C/N ratios of 439 sPOM were highly heterogeneous and suggested that material from the ENLs is degraded more than 440 passively sinking or recently deposited particles on the sea floor, indicating its long residence times 441 in the system. VMS logs and the data presented here would suggest that this is a recurring event, 442 with sufficient activity inducing small and larger plumes. Our study only provides a snapshot of the 443 full story and more extensive study is required to fully explain these and other unusual peaks that 444 have been detected in this region (Amaro et al., 2015) . Sediment dating and knowledge of the 445 sedimentation and accumulations rates would greatly increase our understanding. The deep sea is a 446 fragile environment vulnerable to alterations and takes a long time to recover from negative 447 impacts. It is likely that recurrence of plumes like those described here would have similar effects on 448 sediment transport rates and dynamics to those reported in the Mediterranean. As suggested by 449 
